Abstract
Introduction 21
Sustainable lifestyles play an important role in the mitigation of global warming [1] . UNEP [2] reports that the 22 consumption of goods by households is responsible for the majority of global greenhouse gas (GHG) emissions; the 23 most important consumption activities relate to purchasing food, mobility/transport, and housing. Emissions of carbon 24 dioxide (CO 2 ), a major GHG, through household consumption activities result from fossil fuel combustion. Thus, the 25 daily shopping choices of consumers, such as food purchases, have an important effect on GHG emissions and fossil 26 fuel consumption, and the reduction thereof in households. One way to shift consumer behavior towards greater 27 environmental responsibility is to increase communication between all trade stakeholders: producers, retailers, and 28 consumers [3] . Researchers working on the project Creating a Low-Carbon Production, Retail and Shopping System 29 for Nagoya have developed a communication platform that brings together the producers, retailers, and consumers in 30 Nagoya, Japan [4] . This project aimed to increase environmentally friendly consumer behavior by suggesting goods 31 and lifestyle choices that would be beneficial to both the environment and the consumers. 32
As an example, UNY Co. Ltd., a retailer based in the Tokai region of Japan, has engaged in direct conversations with 33 its female customers through a platform called the Researchers Club. Via this platform, the consumers and the 34 company jointly concluded that to achieve a comfortable lifestyle for consumers, as well as a reduction of the 35 environmental load, the following measures had to be taken simultaneously: consuming locally produced vegetables; 36 consuming vegetables in season; choosing crops cultivated with fewer chemical fertilizers; and selecting products 37 packaged in simple, plain containers. Furthermore, to spread these ideas among the larger consumer base, flyers, 38
proposed by the consumers themselves (see Fig. 1 ), were posted at UNY-run supermarkets. 39 Another study indicated that in an effort to achieve environmentally friendly services and operations, companies often 40 take a material-oriented approach, dealing only with problems such as the emissions of company-specific waste that 41 harms the environment. These activities are usually distinct from business administration [5] . 42 Therefore, the Researchers Club is a novel approach in which a company and its customers cooperate to achieve the 43 mutually beneficial goals of benefiting consumers while reducing the environmental load. 44 However, for such suggestions to be effective, they must be very specific. Additionally, it should be possible to 45 accurately quantify the GHG reduction potential resulting from the specific changes in consumer behavior. In this study, the volume of CO 2 emissions was quantified that 67 would be reduced through the adoption of daily purchasing 68 behavior in various scenarios. As numerous items are purchased 69 routinely, an evaluation covering all items was problematic. 70
Therefore, an arbitrary selection was performed for product 71 selection scenarios that met the criteria indicated in section 2.2. 72
Japan was selected as the geographical scope for the evaluation, 73 and the behavior of interest was household purchases of fresh food. 74
The focus was placed on food products, as these are purchased 75 frequently and the products are usually conspicuously displayed on 76 sales floors. Furthermore, among consumer goods routinely 77 purchased, these products contribute significantly to the life cycle 78 emissions for CO 2 . percentage is second only to the energy sector, including electrical power and city gas, and is equal to that of the 84 transportation sector, including gasoline. 85
The LCA methodology was adopted to evaluate the potential for GHG reductions. When looking at product selections 86 that can contribute to a reduced environmental impact, some product features need to be considered, including 87 commodities that reduce environmental impact in relation to production, and others that reduce environmental impact 88 in shipment to retail outlets, the use of the product, or its disposal. Therefore, it was considered an appropriate 89 approach to use the LCA method to perform an evaluation based on the product life cycle. 90
Generally, the GHG reduction potential in each scenario could be estimated related to one unit of product selected. 91
The estimated reduction potential was subsequently multiplied by the total activity volume (purchase volume) and the 92 resulting figure was considered the maximum reduction potential (Equation 1). 93 selections were significantly superior in price and quality than the conventional selections, and the conventional 99 products that are subject to conversion from the market were eliminated, However, this would be difficult to achieve. 100 Therefore, the GHG reduction potential described above was considered the maximum reduction potential, and we 101 defined the feasible reduction potential, which is the expected behavior conversion rate. Farm-to-store was considered the boundary of the product life cycle for estimating the unit reduction potential since 107 the scenario described in section 2.2 was used rather than the scenario for product use and disposal. The difference in 108 emissions volumes before and after changing product activity selections was calculated as the unit reduction potential. 109
The calculation method for each scenario was outlined in section 2.3. 110
The consumption quantity was estimated according to the Japanese household consumption statistics. The calculation 111 was done by multiplying the purchase volume by product category per household, as indicated in the Family Income 112 and Expenditure Survey [13] , by the number of households. In order to complete the evaluation, the respective data for 113 each prefecture was used to estimate the consumption volume at the prefectural level. 114 115 2.2 Scenario development 116
As mentioned previously, consumers purchase large numbers of diverse items daily. Although the quantification of the 117 GHG emissions of individual products is problematic, the reliability of the estimated results of the reduction effect 118 diminishes when the items are summarized. In this study, therefore, a detailed classification of household consumption 119 statistics was employed. For instance, when considering vegetables, detailed classifications, such as tomato, spinach, 120 and lettuce, were used. At this detailed level, based on data issued by public authorities, it was possible to calculate the 121 environmental impact data of each item (the life cycle inventory (LCI)). 122
In this study, a product-selection scenario based on product classifications was created, which is expected to have a 123 relatively significant potential to reduce environmental impacts. The four scenarios discussed below are the behaviors that were selected for this study (Table 2 . See details of selected 133 food items in Table 3 ). They correlate to the behaviors indicated by social experiments performed in the Nagoya 134 project. 135 136 
169
If the packaging of food was reduced while still preserving food, the GHG emission volumes would also be reduced. Made from a 170 material that utilizes few natural resources, the "leaf pack" (see Fig. 2 ) has been used in recent years to package food. The life cycle GHG emissions for each target item, the GHG reduction potential of each scenario, and the shopping 178 behavior conversion ratio were quantified, as described below. 179 180 2.3. the average among several producers, was considered representative of rice production in Japan, even though this 185 value did not represent any specific agricultural technique. The production cost per expense item (specified on a 186 weight basis for certain items) was multiplied by the intensity of GHG emissions for each expense item in order to 187 calculate GHG emissions from the production process. The intensity of GHG emissions, based on the input-output 188 table [17] , was applied to the expense items for which only the expense amount data were available. However, for 189 expense items for which material quantity data were also available, the IDEA [18], a Japanese database on the life 190 cycle inventory, was used to calculate the intensity of GHG emissions. In the agricultural sector, the emission of 191
GHGs from soil, including methane and nitrogen dioxide, should also be taken into consideration. These emissions 192
were estimated by using the data provided in a Japanese GHG inventory report [19] . Furthermore, the transportation of 193 food from the place of production to the place of consumption was considered. Since required detailed logistics had 194 not been calculated for rice, the transport margin per unit yield was determined from the Japanese input- output table  195 and multiplied by the intensity of GHG emissions [17] . 196 The estimate of life cycle GHG emissions for major items as calculated by Yoshikawa et al. [15] was employed for 197 vegetables, because these authors had used methods similar to those used for rice. As detailed data for each prefecture 198 were available, the estimation for transportation was made in the following manner: It was assumed that for intra-199 prefectural transport, trucks would be used, while the differences in the transport systems of the prefectures were taken 200 into consideration for inter-prefectural transport. In each calculation for the latter, the distance between the prefectures 201 was multiplied by the intensity of GHG emissions for each transport system. For food packaging, the existing lifecycle 202 inventory data [20] were used to calculate GHG emissions per unit weight at the point of manufacture and of disposal 203 (incineration). To estimate the consumption of packaging materials for meat, the size and capacity of commonly used 204 trays were estimated and were multiplied by the volume of meat purchased by the Japanese household sector. 205 206
Estimation of the GHG reduction potential 207 (a) Local production and consumption 208
This scenario was specific to a linear programming problem to minimize GHG emissions, based on the estimate by 209 Yoshikawa et al. [15] . Given the production and consumption of each item in each prefecture and the GHG emissions 210 per unit transport volume between the prefectures, the GHG emissions were minimized within a limitation of 211 production and consumption quantit. The difference between the GHG emissions value in actual situation and this scenario (Equations 3) is the maximum 225 GHG reduction potential. 226 227 (b) Seasonal production and consumption 228
The estimation used in this scenario was also based on the data supplied by Yoshikawa et al. [15] . Based on the 229 assumption that the consumption of summer vegetables in winter and winter vegetables in summer will decline, the 230 scenario for the shift in consumption was developed according to the following method:. First, the consumption of 231 summer vegetables in winter (grown in greenhouses with heating) was decreased by 20%, and an equal amount of 232 each vegetable was shifted to the summer season. Since this would result in a change in the current consumption of 233 vegetables and subsequent nutrient intake for each season, it was necessary to compensate by shifting winter 234 vegetables in summer to the winter season. More specifically, the volume of each type of vegetable to be shifted 235 through seasons was determined to maintain the status quo in annual consumption of each vegetable and the total 236 consumption of vegetables in each season. Additionally, the intake of vitamins A and C from the target items in each 237
season would be within a range of 5% from the current status. 238
The GHG reduction potential (maximum potential) is estimated by Equation 5. 239 As regards the estimated behavior conversion ratio, the rate of positive response to each choice of goods in a survey, 269 conducted via the internet for the Nagoya project [4], was regarded as the conversion ratio (Table 4) . For some 270 questions in the survey, the conversion rate was an option. For those questions, the rate of response to each was 271 multiplied by the conversion rate to calculate the average conversion rate. 272 273 274 The results of the unit GHG reduction estimation per scenario is explained below. 281 282 (a) Local production and consumption 283
By product, a longer average transport distance does not necessarily result in a greater GHG reduction potential (Fig.3) , 284 because for these products it is difficult to change the combination of production and consumption areas, as the 285 producing region is limited, especially in cultivating winter vegetables in summer. On the other hand, a greater 286 reduction in GHG is expected for products cultivated in a wider range of prefectures. A reduction of 5.2% in life cycle 287 GHG emissions related to transport is achievable for all 13 most frequently purchased vegetables. The estimated results of the GHG reduction from choosing alternative products that use fewer chemical fertilizers for 299 select crops are shown in Fig. 5 . The results suggest that for crops with a lower proportion of fertilizers in the GHG 300 emissions, the reduction would be less. For other products, including rice, spinach, and eggplant, a relatively high 301 reduction rate is expected. The GHG reduction achieved for all subject products is estimated to be 3.1%. substantially reduce GHG emissions, must assess combinations of numerous actions pertaining to a large number of 324 items and product life cycles. Here, we estimated the potential while assuming that all, or an externally determined 325 proportion of, consumers would take action. In practice, however, to correctly model the effect of behavior changes, 326 critical factors that influence such changes in behavior, such as price and convenience, should also be considered 327 during implementation. 328
Uncertainties in the estimation should also be taken into account, to provide a robust result. Both consumer's choices 329 and the result of LCA contain uncertainty related to data limitations, statistical variation, and assumptions. Assessing 330 uncertainty will help show how suggestion can robustly reduce GHG emission and fossil energy consumption. In 331 particular, a stochastic linear optimization model will be applicable to Scenario (a) for optimization under uncertain 332 conditions. 333
Additionally, the GHG reduction potential of different products varies according to the country or region of origin, 334 depending on the production and distribution environment and the prevalent food consumption patterns. To promote 335 efficient, environmentally friendly actions using simplified estimations, both evaluation and implementation should be 336 region-specific. The development of regionally specific scenarios and estimation methods entails shorter research time 337
and lower costs, and is expected to enable consumers to make more precise decisions. 338 339 4. Conclusion 340 341
As a preliminary step to proposing changes in shopping behavior through communication between retailers and 342 consumers, we have estimated the GHG reduction potential through behavioral changes resulting from four scenarios. 343
The results of our study show that such changes would achieve a reduction in emissions. However, to achieve 344 substantial emissions reductions, it is necessary to examine a larger number of possible actions. Various reduction 345 efforts by producers and distributors would be required for each product life cycle stage, and the information provided 346 in would have to be very specific. To promote low-carbon consumption activities, it would be necessary to further 347 examine qualitative and quantitative emission effects and appropriate communication, using information supported by 348 sufficient data. Robust reduction efforts are also required from all individuals and businesses in the production and 349 consumption chain. 350 
